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g 1994 ^ Stemmer 3tBJ #J DNA M (DNA shuffling) « g 
&»&ife±£*/5, W^W^SAXm^^Wft^ (molecular 
breeding technology) ^^^5J£( Juha P. IntArch Allergy Immunology, 121, 
173-182.(2000))o5fej5mm7^#^HM^^^^(HuiminZ. *o/. 
Nucleic Acids Research, 25 (6), 1307-1 308.(1 997); Andreas C. et al. 
Nature, 391 (15), 288-291.(1998); Miho K. et al. Gene, 
236,159-167.(1999)), ^IEf^^ ( Huimin Z. ef a/. Waft/re 
Biotechnology, 16, 258-26 1.( 1 998) X&&^#J&^IS6iM&7£( Marc O. 
et al. Nature Biotechnology, 17, 1205-1209.(1999)) ^WiWit^MM^k^ 
(Wayne M. C. etal. Nature Biotechnology, 19, 354-359.(2001)) ^fr&o 

m?n^<>fomm^mmmmm&m&^ (gene shuffling) &mm& 
Mfc&®.&mm&m&mffi, ^r^mmmm jt:(Dewey d.y. r. *o/. 

Biotechnology Progress, 16 (1),2-16.(2000); Phillip A P. al. Current 
Opinion in Biotechnology, 8, 724-733.(1997); Robert G. W. et al. Curr 
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OpinMol Ther, 3 (1), 31 -36.(2001)) , {SS4^*JM^Mf£:«l£ 
Science, 247, 1465-8.(1990))o ^H&^±^>&^W£h^fiii^J¥ 

^rffl, j&tfam: fcj&mfe, mmim-, mm<> yf^m^ 

^■tiftj&M (Lai W.C.et al. Crit Rev Immunol, 18(5), 449-84.(1998)) . {I 

^mrm^m^Hm^mw.^^^^(pooian d.l. * 

al.IntJParasitol,31(Z),152-62.(2Q0\))o £^#tJggElf3rW, BWM^ 
ISHt. ifcffiTS^HlttJgl/tlRifttt (IPMSA-K NKND^PCST3) A^7 
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-^^^^m, 1999, 15 (6) : 974-977) . aWBitt^T^ft 

««#^xra***Hftisat«jimT^»f«is* cyu z. ai. 

Vaccine, 16(17), 1660-7.(1998); Kumar S. et al Trends Parasitol, 18(3), 
129-35.(2002); Hofmian S.L. et al DevBiol, 104, 121-32.(2000); Li M. et 
al. Chin Med J (Engl), 112(8), 691-7.(1999); Jiang Y. et al. Chin Med J 
(Engl), 112(8), 686-90.( 1999)) . 

tt*EJE&£*&ife*&, &S7A#l*J^'l£iM> 

tt^M^Titstiza^WBfra. A#rt*r#*fi:*h (#F) hc^p^ef^i 
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^ (^0.5^1,0.5^1,1.0^1,2.0^.1 ), SfifJ 50|jl %.J*LW%, ?$tff% 
^ItJPCRrit, #Wt*7 25, 35, 45, 55, 65, 75, 85„ g£^3gHj§ 
T&g&R*^ 0.5m1 (250ng) 0t> l^*#^lft^frif 
if^t/Jt^^fli^:; 65-75^1^, ^RTii2kb^, ^ 85 
lit, ^W4kb. 

4SH^*te*HT#A^#Ntt*^fll (BP E6 ( msa-i>>> RTft^* 

ffl4^tB^|wi^^'&m^H^4 3 *a^^tb^, 

M, TJHindUl; 1, No.l tJliS /jEcoRI+5g/II;2, No.2 tISB 
/^coRI+tfg/II; 3, No.3 £ S @ /£coRI+£g/H;4, No.4 ^C^SS 
/£coRI+5g/H; 5,No.5 Xfe^M/EcoW+Bgnio 

A. 96% (24/25); B. ^ 

^H^No.4 ^@^^i4^J 100%(25/25)o £J*$VR1012 

^tpcr£&, r^^ioo°c«io^M, ^±$310^*0 

10x±#^M^, «TlTO^M£« (10%MD % 
A^^Hi£ (E2(nkne>)> E3(msa-2)» E5(eba-175)> E6(msa-i)> E7(lsa-i)> 
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E8 ( cs.-B/csp)> E9 ( msp-i)» E11 ( ama-i)) ?i^*200ng^, 5 ^JI^SE 
Xfe W lOO^g DNA, (1 :6.5,w/w)Dendrimer PAMAN G9 W&$&1£. Balb/c 
/M,j5^JrLJflL^, 2x^##, i!l^OD 450 il, W OD 450 3/ 0.2 mfeT 

5 ^m&mmxmvx loo^g dna w^j^Baib/c/h wLB^^^isk 

A. ^'ft^HC A 3D7 JfiUt; B. ^tt^A FCC1 JfiUt; C. giftm 

^^irCMwestern^^liJ (##x3000)o 

1. 3D7^^#^7fc^*(Spanin)^hS; 2. 3D7Att^#^^ 
H£t31;3. aai&«f#«X5fW; M. Sfi«fg;^*(^±MT^ 
M3j97, 66, 45, 30, 20.5, 14.4kDa) . gM&WJ , 3^X^M^ 
^^^S@^OTMifCJfiL«##x3000f&M, ^t^3D7^*5|c^ 
^(Spanin)MM ^f+^irLl^tBiR^J o 

^10 ^l^^^^*^^El^m^ft?E6tl^X^ 

No.3> No.4^PNo.5) ^^^^^^S^mH^^^BalbMNi, 
£17 FO j0, 2xl0 5 ^^J^?eAicJK^ait^*^, ^PgH^B^^ 
H.^Bttf^o ^m^BJTNo.2, No.3^PNo.4^, J£ttft#>tt, 

£+No.3£J¥ (^c^i200bp^:/jN) £*&aMto#y**i*42.8%. 

ffl 11 A^ftJKtt£UK£HJR4**& Western ffl 11A. 
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SDS-PAGE; S 11B. 1. SP312; 2. « 

3. PJtt^H: SN33; 4. SN34; 5. SP352; 6. SN36o 
912 ^ff^ffi&ftftftFHtt (SP) (SN) JSBI^rt 

^«tt*^6HII(lSllllffilisi l) 8^3l4fc#tffl«ltefMI 
7-&E£##J3j 300. 800. 1200. 2000 *P 4000bp &} 5 &fiE#lgl$!tt£ 
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mm, i#M^t»s@^jtf. 
M.m*mmmM^'&$Lfc7k¥, mmxmm^u^mmm., me 

cDNA^^J^^^^DNAj^^JWTiftfBlJl (Shibui A. et al. Res 
Commun Mol Pathol Pharmacol, 109(3-4),147-57.(2001) ; Smooker P.M. 
et al. Vaccine,18(23), 2533-40.(2000); Johnston S.A. et al. Vaccine, 15(8), 

808-9.(1997)), mmjmm^m^±^ 0 n&m&mm&&mmw 
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W— NM£ 6^M£fC II MSP-1 > RESA^ MSA-2^ AMA-1 . 
EBA-175> LSA-U CS.T3, NKND 5fiJ MAg-1 ^ 9 14 jft*tfir ( JSL 

m-K-m (g-p-g-p) m, w*inmt&i&t&&mm¥im&. 
cWTW&ftm&GtME c^n E3cMSA2)fn e6(msai>)» wmmm&3\ 

3. *^*Hjtaw^:»-^^^«f 

^ 94 "C, 30 45-60°C ( *S>F|W13I^ TmHM^),30 #;72°C,40 #,40 
VrmrWgL 1/10 #3R 10M»«lR*I2ft#fiR5B7KZ.#^^, 
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12000ipm, 5 ft¥?, VLbfK. ±W* 1/10 3M MHA (pH5.2) 

^ffWI^SK383 (GATC ^.BcR^i Xba\Wm 

d) ft g ft £ it T « fi 1 ^ J* o $!l 51 C038P : 5 ' 
-CCAGACATAATAGCTGAC-3 ' VR1012 ^M££±$f Jf^J . 



%»ife*»3FFWr SK383 ftR, &#lttfll*KXK»fc* 

2. |»tt*8^^:fc<hM£*&*H 

800> 1200, 2000 *P 4000bp E*gfc) W£*ft$EI£H($nffl 4 0r^): 
a) 

Jft^P 1 ^MMttl-nil^ DNA, ^ £c/I/£amHI *!l«H2J» 
te#j£#JB*8lflfc*«cJ§, DNA ^it»J^(Promega ^fO)lE]i|fc/h)t 
|£, OD 260 /OD 28 oi!i^^So 
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n&y&ttiSL dna 

ExTaqDNA^H (5U/jxl) 



5\il 
8p.l 
36^1 



ljil 



2U 



dNTP 



d 2 H 2 0 



RM&flr (25. 35. 45. 55. 65, 75, 85 ^HPF): 5fc*£3|— 
94°C, 3min; 94°C,30sec; 42-55 °C,30sec; 72°C,30sec; 25cycle ; 72 
°C lOmino -fii;?: 94°C, 3min; 94 °C,45sec; 50-55 °C,45sec; 

72 °C ,30sec, lsec /cycle; lOcycle; 72°C 10 mine J&iyjff'i&BLM.f'VS, 

ft, M^^i«Wi»JnWW»:. ttJREHlfc 5 

Stt^ 300. 800. 1200. 2000 4000bp E fit! DNA InWi* # 
JqA±$»3I$l 5' -ACATCATGCCTGATCA-3 ' #I~F$HI^J 5' 
-TTAGCTAGCGGATCC-3 ' , titffl&MVCEL BM (.fc&VfM^J&ffil 
PCR MFf>$J 94 °C, 3min; 94°C,30sec; 50°C,30sec; 72°C,30sec; 

30cycle; 72°C 10 min), wizard PCR prep 4&ikitM& 

(Promega ^r^J) ^ ME SHaJjB-^iRft VR1012 tfj 

EcoRV/BcIL mWRPQl&&> felHt^fttHH* SK383o Jtr#^£S 

fliggJftfnE l, 2ff^c 
b) Iwj^H^m^ic 

<-a"*ft*H> *B 5amHI/ifindin JRIHJO^tS (^*tt*H) 
#J2t7 5 ^?Fm&fe3:'b<ifrMM*!%} 300>800. 1200.2000 m 4000bp 

i.shw* Kozaic mm^mm^m^iTkWuW vrioa #j 
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VR10T ffyffiM 

i&it^^KozakJ^d3ltl 1A: 5' -GATCACCATGGAATTCG-3 ' 
m 1B:5' -GATCCGAATTCCATGGT-3 ' , i^l^it^, PCR 
PQH&BclimBammmW, ^^iffff* SK383 %$:Wm, %M 

TAATAA WLMT&tiL E6 affl A P i ) TiM 6 yO <J8.*2, *@ E6 ft 3 1 4ft 6D 
Jf^J), i£it73l#I6A, 6B, 6C#J6D, g J* 9 1406*. PCR 

^#VR1012, ^#m^IM*iVR10T, #n c ?,^MTalcara^^W]i!lj^«> 
SHtl'pMli DNA,#J Bcfl/f&idm)RBIW^IsIi|fc^S4h>tS 

@) ^M^voiOAft^amHi/i/mdni 5Rg&-&jjs#S C^m^mT^ 
a«,«$fluM3S SK383 mm. ^Ji#I^lM. 

5amHI/#mdm ^H^J, 1 VR10T ftj-^lh&ii^fa 

DNA>t«^, M&mmE^m&&*:* c#ai:*:*&* 3<xk soo, 

1200. 2000 4ooobp w&, ) ft^ifcli^^H^^ (ffirt&fr 

WlXjfM^Zj No.K No.2> No.3. No.4 #1 No.5), JSLH 4„ 

#3iJX»^ No.3 SI No.4 «ff TBlT^«WaH^«^*tt** 
(PCR-SSCP), »**WTW^*4'*^a6Ea«I^*tt*&^E 95%^ 
± (24/25*0 25/25), $P^5 0f^, Afl^H&lT: 

^xm^mmm 25 gur# VR1012 ^m^±m^\ 

48KC038P: 5' -CCAGACATAATAGCTGAC-3 ' ) *fl~F$£3 1 ( C039P: 
5' -GATGGCTGGCAACTAGAA-3 ' ) jft^rW^ PCR CTIg&flr 94 
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°C, 30sec,55 e C,30sec,72 o C,lmin,30tlif), Tm?*VBf£&jfaMfc 10 

d) ffl)Rj|*Wfc«JR3R. 

e) iPA3fefe«[ (2g 3ml37%¥^^2 54-*^7K4') 

g)iPABi^fi««[ (2 ^WTzfc+JPA 60gNa 2 CO 3 , 3ml 37% 
400|al 10mg/ml^«H$, JfcS*K*&BiJ*£ 10-12'C ) ^ 

2-3 

(No.l, No.2, No.3,No.4#lNo.5) #^^¥#^«'S^ifc8J'g'*BJS£i 

ttmrn lb ^flF^s+sfti^B. 1/100 1 ttttmrns. 
* lb m$imrt&±&m, #je wizard 

Megapreps M#£^T^J^(Promega DU-70 
^it (Beckman) MM OD 2 6o/OD 2 8o > tt DNA « 
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2. &&nk&mLft&mmxm&&'bWMtim$^*tf&u& 
m#m i tMia^fJtfmif^ ioo u g dna, m% 

^SHtTC. ^WM^S* DNA W£*Nft. <OTf J^JpSM— Hk, 

3. lS®£:feffl&.Pfr:^i& (enzyme linked immunosorbent assay, ELISA) 

flfcft&ttfflE. 2 ^###^JjifCJfiLt» (#P 400. 800. 1600, 3200. 
6400. 12800. 25600^151200), ELISA WM^n^^-^MMXM^ 

^&^^«#M^^®fiM^(200ng/100ul/?L)ffiin#^ 
4$?lJJPAl00ul, iJsiflfifii^, 4'Ci±&, ^37°C 4h, JWF¥ 

b) £ffi: ^?L200ull%BSA, 37°C lho 

c) ^PBST #fcfc#U 

iooui##jfoift, <§ > N&aE= > MM. 4°cjtt 

e) PBST ffiU5&o 

f) jRA^ma^^ll^^#SP^m/hi,IgG-HRP:^?L4 , JPA 
100ul^PBS/BSA^|#3l6<J(l:1000)@IS^t#» aM^4 , 37°C^W2h 0 

g) PBST *fe&5&. 

h) M-fe<» «?UtaAja5«fife«W l *100ul. ^M^aiOmino 

i) ^?L5P50ul 1MH 2 S0 4 ^±S^. 

j)Labsystems GenesisV3.03^, li^Onm^^^^t, ##T^3& 
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tlSBfomStiSMftWL (pH5.0) 

A*£: ftMW. (557X)1.92gJPDDW5lJ100mlo 
B^: Na 2 HPO 4 (^-12^^^7X)7.16gjjPDDWg!jl00nilo 
&A$£2.43ml, B^2.57ml &7K5ml ?I^SPj&pH5.0&»m 

30% 0.015ml 
TMB 0.004g 

^^yt^Mx (indirect immunofluorescence assay, ERA) 

#r (era) Mt1&$iJ, ^PHWMWtf^T, ^^^i#*^:iR^J# 
^Mlilfiifi^^^^to ^JH£nS 7, 8 #f 

1) ^m&mfeMP-falciparum^j&m&mRM 

a) ^tfe^Hjil 3D7 CM FCC1) ^rt^M^^lfe 

b) 100%PffiHl5£ 10#!+o 

c) ^jxl^Fo m^%^MU^, ImK 1%BSA ift PBS ^Miffl 
30 #!+o 

d) ffl PBS #>#fc 3 ^ClO^Bt, jxl^po 

e) JpA^FIWI^M (1:500, 1:1000, 1:2000, 1:4000) ffCJfiL^ (/> 
UtrCJfiLri), ^M, M±ft30fr®>, ^M26-32#-JfLJfiL^^PBW 

Mo 

f) fflPBS#fc3&, «fcl0 3B+, Kfo 
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g) JPA1: 100##^FITC#ia^S,tn;/hElgQ 37°C, M±ft 
30 $M*. 

h) )iPBS#fc3&, #^10^Ht, J*,=F. 

aw JM*#:ftMfc«g ffl o 

2) -5ttK£JKA (RyoeliO 5**«eW£XW»l 

a> )»£lK*gJSAtfc (flSJfe*50%a£*) ^ifr'JHR*^. Sfi 

b) TR l>%*ttJ6JRA^RSc&WW«l3feIte^ll. 
5. ^R^Jft^HS^ffifiaWlLtllW Western Blot 4fe|fl 

J^j* (Spanin) &h3l*n SDS-PAGE 
Western Blot. 3 ^H2J¥*$F*EXrtU »**fl!7 3 ^3tfl»B 

a) ##£ti® ft 1-2 m 3D7 A«c^«tW'CMl^fe. PBS 2 Jfc, 

o.2%^tirai, ttfftiifi. pbs nimt2&, mm 

«Rt— 5fe#5Rtt PBS 10x#^n±#^M^7K 

b) ^^ep^E #b3g##»T SDS-PAGE It^^tff 

sfc£BUI 3%BSASUBi*« i 'MtiJS. PBSife 
Sfr3ifc, JnA— je*BSAH»W5:i¥JWlL». aca^fflKhttt. 

PBS 3 ftlA1ftttmftHllSHBM^<hll IgG (Ap-IgG) " 

jft, saf^ffl i*»t. pbs»3^o ffiwttmnti^ 

( 100mmol/L Tris-HCl(pH9.5),100mmol/L NaCl, 5 mmol/L MgCl 2 ) 

c) fi&5fP$SK± 45 5ml ttttttmt&ttftft] A 33ul ( UA 50mg/ml 
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$8^ 70%— ¥MEP>) tfyfSMm^Sm 16.5ul (lOmg/ml^ 100% 
- to 5-iM-it-3-^|i!MIWBff^W**. 10 #1+ 

iqA^-lt^ (20mmol/L Tris-HCl(pH 8),5mmol^LEDTA) ^ 

5: ^mxmn^^u^mm^M p. yoemmmik&x 

aWWH^^^^^Aft, 37lCjJC*MMfe, 500JJ.1 
^ItBalb/c rtH^, Ifc^B, &¥8£@5£» Giemsa^-fe, M 

b) Jl£P#&S2k P ^oc/w M'h IUME, CPBS ^#"$t(NaCl 3.2g, 
KC1 0.08g, Na 2 HP0 4 12H 2 0 1.16g, KHPO4 0.08g, Na-Citrate 3.8g, j]P7X 
S 500ml, pH7.2), jfiL^ihlWThMlfeMJfiMe. 

c) *§feJS« 4 #m 2 + 3 #C&;£lft Balb/c <b ft, 2xl0 5 -iStffffefi: 
Mifc/Rlftftl*, IMPS**. 
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W1»»T. «fT7fR#^&*fctt Western 

&j£ittlfflfl&H^ CD4 ft CD8 tfeg. 

1. Jjg«3U&*ifcto Western EPft&gSI 

»^WTI»3aa^tt*^fitt*H SP312SI SP352«&*BjSt 
Sfi, £W&*»!ft#J§Sfr Western 0itWiB3WHttj&f 
Slflr, MBfi^lWR^&ftJRtt*H SN33, SN34, SN36^S^i#PJ14 

«HT^*tt*H SP312 #1 SP352 tS@ 
SN33, SN34 ft SN36 ^£7Ml*»KffiteiCWHEH H Iff*). 

2. <hR#rt jbftsjstwan&H? cd4^p cds 

rtffimmnmm<i^&&wMmm%>m sp3i2>sp352ft sp462 

flttfcT. ##J=&&£Balh/c<hSU ^^»EaSi«T«^l&^ 
^|£$!l*ffll&07 CD4 ft CD8o ££J|3BPJ7PB'1£ (W&J8EJ5tt) *H 
3£FISP312> SP352ftSP462, £Sf§^ CD4 ftlJi&E : ?fi*Ij te &. I^W 
#B6— J&g&M CD8 ^i@f^4o £+PHtt£*fc&*H SP312 
BJSm i SP352ft SP462, MWtt^*fiC*HH!l-%ffi<fc#*iS- iM 
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Single epitope contraction 



Two epftope fusion 



Bi-ep'rtope construction 



^ Bl-epftope anneal 



Muttncompenent gene pool 



Extension & purification 



I 

r — -; 

I ^^^ZZZZ!Z!ZZZ^^ " "i ==3M " 111 | (~4 kb DNA fragment) 



i ■ 1 H 2 kb DNA fra 9™ ent ) 

I ^ j 

I ZIIImhmmm I (-300 bps DNA fragment) 



9 1 EALI |^ffi«£*ti^HffiB 
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Immunization of DNA vaccine library number 
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